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The effect -of photoperiod on the induction of diapause
in the cabbage moth, Barathra brassicae Linné
(Studies on diapause in the cabbage moth 1I)

Toicu1r UcHipba and SINzO MasaAkI
(Institute of Entomology, Faculty of Agriculture,
Hokkaido University, Sapporo)
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Summary

Among multivoltine insects, there occur two types of life cycle in the same species: -
in one type the growth proceeds without any arrest, whereas in the other diapause intervenes
in certain stage of life cycle. Since diapause appears usually in autumn, it is highly probable
that some environmental factors changing rhythmically with the season and prevailing in
autumn should be responsible for the incidence of diapause. Temperature and day-length
have been known as such factors. In the cabbage moth the influence of temperature on the
induction of pupal diapause has been reported (Ucmipa & Masaxki, 1953). The present
investigation has besn carried out in order to determine the significance of photoperiod in
controlling the onset of the diapausa.

In the first two series of experiments, nine batches of larvae from a single female were
reared respectively under the artificial light with different photoperiods ranging from 0 to 24
hours per day. The temperature was kept at 24°C. in one series and at 17°C. in the other.
Within a day after pupation all batches were removed and kept at 26°C. for emergence,
and the proportion of diapause pupae was examined. The results are as shown in the

following table:

Percentage of diapause

Photoperiod

(hours/day) at 24°C ] at 17°C
0 4).6 100.0
3 25.0 100.0
6 88.2 100.0
9 100.0 75.0
12 100.0 . 100.0
15 68.4 0.0
18 10.4 12,5
21 258 7.7
24 28.2 0.0
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In the above table it is apparently indicated that the photoperiod has a marked influence
on the induction of the diapause, although there is a little difference between the both,
' particularly under photoperiods shorter than 6 hours. By rearing at 24°C. under photoperiods
: Ionger than’ 15 hours, a number of larvae gave rise to non-diapause pupae from whlch
moths emerged in about a fortnight. When the photoperiod was reduced to 12 or 9 hours,
_all of .the larvae entered prolonged diapause after pupation and no moths emerged from.
them during 6 months:or more, without cold treatment which resumes their growth.. The/
proportion of diapause was, however, decreased in accordance with the further reduction of
photopzriod and non-diapause pupae were again porduced with extremely short photoperlods
* viz., less than 6 hours.

‘Similar tendencies were seen at 17°C. with the range of photoperiod from: 9 to 24 hours,
but non-diapause pupae were not obtained at this temperature even though the photoperiod
. was reducad shorter than 6 hours. In this case the temperature might 1nﬂuence to a greater
- extent than the photoperiod on determining the diapaise, because the temperature during the
larval stage may also be responsible for the occurrence of the diapause (UcHipa & Masaxi, L ¢.)\.

To determine more exactly the range of photoperiod inducing the diapause, five batches

of larvae from the same brood were subjected to 12, 13, 14 or 15 hours of light per day
respectively. All or most of the pupae from the ﬁrst three batches .went into d1apause
while only a small proportion of the pupae did $o in the last batch. : :
: From -these ‘results it seems probable that the long photoperiods rangmg from 15 to 24
hours per day may affect the lafvae to give rise to non- dlapause pupae, while the photoperiods
ranging from 9 to 14 hours may induce the diapause, becoming less effective as it lasts
shorter than 6 hours.

"In all cases described above, it was generally recognized that the larvae which were
destined to enter diapause grew more slowly and attained a greater weight than those of
the same batch which were destined to- develop without diapause. Since the same pheno-
mehon has been observed in the previous experiments in which the diapause was. induced
by low temperature, the correlation between the diapause and the slower growth or the
greatér -weight seems to hold, irrespective of whether the diapause has been induced by
photoperiod or temperature. -From this fact it seems reasonable to assume that there is
the metabolic difference batween the diapausing and non‘diapausing individuals before man-
ifestation of diapause (ANDREWARTHA, 1952). .

In further tests, the larvae which were reared under a photoperiod of 10 hours at 26°C.
bacame exclusively diapause pupae, but those at 30°C. failed to enter diapause when exposed
to the same photoperiod. Therefore, the effect of the short photoperiod rhay.be snppressed
by the temperature as high as 30°C. and the temperature at which the photoperlod exerts
its effect is probably limited.

However, it seems likely true to conclude that the proportion of the pupae entering
* diapause in the field population may be mainly determined by the photoperiod under which
they spent the larval stage, since in Sapporo the mean temperature in summer does nof
normally exceed 26°C.. at which the photoperiod is still effective. In the field, all of ‘the
larvae in the overwmtermg generation having fed during short days from late August to
October give rise to diapause pupae, and after hibernation produce thelr progeny in the next
sumner. The summer generation ustially grows during long days from mid-June to early
August, then most of them burrow into the soil to pupate just before the shortening of the
daytime, and emerge as the moth in the autumn. However, some larvae remain immature
and continue to feed until mid-August or later in which the day-length becomes short
inducing the diapause. Most of the pupae collected in the late July, 1953, transformed to
moths without diapause, whereas most of the fully-fed larvae collected in the mid-August
remained in diapause after pupation until the following spring, although the temperature
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at which they fed was high. Thus some of the larvae in the summer generation may enter
diapause in response to short days, failing to produce the offspring in the same season. The
proportion of these larvae may be greater than usual if the feeding period of the summer
generation is delayed towards the later season by low temperature. Thus in such a year
extreme cool condition in spring or summer may result in a high proportion of diapause
pupae in the summer brood, so that only a small population will be built up in the next
generation. Therefore, the temperature seems to ba of importance for the prediction of the
outbreak of the cabbage moth, though it influences only indirectly on the incidence of the
diapause in the field. '



